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Abstract. The optimization technique of the statistically up-diffused exposure is considered.  
The operation of the lumped processor, which provides more rapid decision-making, uniting the decision of 
separate receivers is considered, unlike the existent systems in which a lot of physically distributed receivers 
are used. Different strategies of association of the lumped processor in a context of the whole system 
optimization are studied. 
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Introduction 
Specific work of air transport needs permanent 
improvement of all its systems. It is necessary to 
guarantee its safe and effective operation.  
Safety and efficiency of aviation is the main 
factor of its development. Today the security 
guarantee of flights and aviation safety are the most 
actual tasks (non-admission of acts of illegal 
interference in the activity of civil aviation).  
Efficiency and safety of flights depends on data 
support of air traffic control system. 
Air traffic control system is the difficult 
hierarchical and multilevel system, in which 
methods of information acquisition and processing, 
computational methods, information display 
systems, communication means, and its personnel, 
co-operate. Efficiency and improvement of the 
system is determined by its reliability, accuracy and 
the completeness of received information, and also 
by a solution-making rightness [1]. 
A decision-making rightness first of all depends 
on reliability of communication system, accuracy 
and the completeness of received information. 
Miscellaneous, active and reliable information 
exchange between an air ship and the center of air 
traffic control allow to form and operatively accept 
the most rational decisions about subsequent flight 
operation, taking into account the situation in the air 
and on the earth. 
Continuous reliable communication and veracity 
of received information by the ground control 
centers on all stages of flight is strategically 
important condition of achievement a high level of 
flight safety in the conditions of continuous growth 
of aviation traffic [2; 3]. 
Aviation safety means a complex of measures, 
and human and financial factors, in order to protect 
the aviation from the acts of illegal interference in its 
activity. 
The act of illegal interference in the aviation 
activity is illegal actions, related to the invasion to 
the aviation activity and aviation objects as a result 
of which accidents with people, property losses, 
captures or thefts of aircraft can happen or such 
actions which can create the situation for such 
consequences [1; 4]. 
Analysis of researches and publications 
The conducted analysis testifies that the problems 
of flight and aviation safety are the most lighted up 
in the documents of International Organization of 
Civil Aviation. 
Many works of domestic and foreign authors are 
the question of analysis and the security protection 
of informative streams of the aeronavigation 
systems. The condition of flight safety – is one of 
the most critical questions which are highlighted in 
MASS-MEDIA. 
It should be also noted that the multistatic 
systems, which operate with a lot of distributed 
receivers, and the control of general volume are the 
thing of modern interest of developers of the 
distributed systems. Such systems are considered to 
be more reliable and protected to electronic 
influence than monostatic systems.  
These properties are determined by inherent 
redundancy, increased characteristics of the 
multistatic systems follow from the spatial 
separation of the system diagram. 
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Optimization technique of the statistically 
up-diffused exposure 
Variety of multistatic up-diffused systems, which 
are called up-diffused exposure systems are studied. 
They use the conception of separation and are 
designed in such way to unite decisions which act 
from receivers, faster than appropriate statisticians. 
In spite of functional quality loss which can be the 
result of such structuring, important practical 
advantage consists in the necessity of data link with 
a small band width between the receivers and central 
block of multiple connector or processor. The 
optimum decision of the task of statistical hypothesis 
testing is highlighted in this article. 
In the basis of the up-diffused exposure our 
synthesis mortgages that the strategy of optimum 
decision of any receiver must take into account the 
working conditions, the characteristics of other 
receivers, and the structure of lumped processor. 
Characteristics of the complete system through 
peripheral probability of false alarm and the errors 
go out through characteristic expressions. 
Now we will consider the two-tier task of 
exposure.  
Receivers convert echo signal of the up-diffused 
system kr  in order to create the set of the first stage 
of decision nk ,1=  (see figure).  
The up-diffused exposure with a use  
of peripheral receivers 
 
On the second stage the lumped processor unites 
these decisions in a final one 0a  in the relation to a 
presence or absence of goal object on the principle 
of:  
1=ja , if the decision is accepted about the 
presence of goal object that is hypothesis ;1H is 
accepted, 
,0=ja  if the decision is accepted about the 
absence of goal object, that is hypothesis ,0H is 
accepted, 
for nj ,0= . 
It is assumed that either in case 1H  or 0H  the 
signals are correlated. We will accept next 
assumptions. 
)(i in case of 1H  random vector Tnrrr ),...,( 1=  
has the known probability density ),...,( 11 nxxρ , thus 
this density is symmetric in relation to its arguments 
nxx ,...,1 . 
)(ii  in case of 0H  random vector r  has the 
known density ),...,( 10 nxxρ , where this density is 
symmetric in relation to its arguments nxx ,...,1 . 
Symmetry of density means that peripheral receivers 
are equal in the following sense: signals nrr ,...,1  
have identical distribution with density 
n
R
n dxdxxxxx
n
...),...,,()( 2211
1
∫
−
= ρρ  
In case of 1H  (presence of goal object); also and 
in case of 0H  (absence of goal object) they have 
identical distribution with density 
n
R
n dxdxxxxx
n
...),...,,()( 2200
1
∫
−
= ρρ  
Here R  means the plural of all real numbers.  
By the Neyman-Pirson’s strategy we try to 
minimize error probability 0mP  of the lumped 
processor provided that 00 α=fP , imposed on 
general probability of false alarm. That is we want to 
minimize a value F  which is determined by 
expression: 
)( 000 αλ −+= fm PPF                                     (1) 
where λ - indefinite multiplier, 0>λ . 
Let’s mark the arbitrary set of decisions 
),...,( 1 naa through A . We have 1;0=i  
∑=
A
ii HApAapHaP )|()|()|( 00 .             (2) 
Here )(⋅p  marks appropriate conditional 
probability. Then, we have lumped processor of І 
and ІІ class for probability errors: 
)|0( 100 HapPm == ,                                      (3) 
)|1( 000 HapPf == .                                       (4) 
Hypothesis 
generation 
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Substituting (2) - (4) in (1), we obtain 
∑ −+−==
A
HApHApAapF )1()]|()|()[|0( 0010 αλλ
 
Now we will consider different work logics of 
the lumped processor. 
«OR»-unification 
Lumped processor makes the decisions about the 
absence of goal object, if all receivers display the 
decision «goal object is absence». In other words, 



 ==
==
casesother   ,0
)0,...,0(0  ,1
)|0( 0  n
A
Aap  
Then 
1 0 0[ (0 | ) (0 | )] (1 )F p H p H= − λ + λ − α .      (5) 
Let’s assume that every peripheral receiver 
makes the decision 0=ka  provided that 0Irk ∈ , 
where 0I  - is measurable subset of signal change 
region R . Then 
0 0 0
1 0
1 0 1 0
(0 | ) (0 | )
( ) ( ) ( ( ) ( )) . (6)
n n nI I I
p H p H
x d x x d x x x d x
− λ =
= ρ − λ ρ = ρ − λρ∫ ∫ ∫
 
Here is nn RIIII ⊂××= 0000 ... . In order to 
minimize (5) provided that 0>λ , it is necessary to 
minimize (6). We will consider only the regions of 
decision-making 0I , for all 
nIx 0∈   
0)()( 01 ≤− xx λρρ                                          (7) 
will be fulfilled. 
Then the integral in (7) is not positive. Let’s 
assume that 0201 II ⊂  - are two regions. Then 
02 01 02 01 01
1 1 0 1 0 1 0( ) ( ) ( ) ( )
n n n n nI I I I I
d x d x d x dx
−
ρ − λρ = ρ − λρ + ρ − λρ ≤ ρ − λρ∫ ∫ ∫ ∫
 
Now as in the region 02 01
n nI I−  the integrand 
function 1 0ρ − λρ  is not positive. (Hereinafter the 
divergence JI − marks the divergence of two sets). 
Therefore there is a conclusion: when we find 
region 0I  with the condition (7), it is necessary to 
take maximal region 0*I  when { }0)()(: 0*0 ≤−⊂ xxxI in λρρ . 
Let’s assume that )(*0 λI - is such region. Then 
∑ ∫
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In order to follow the condition 00 α=fP , we 
find λ  from the equation 
∫ −=
)(
00
*0
1)(
λ
αρ
nI
xdx . 
Then in the class of ultimate rules (7) for 
peripheral receivers optimal rule will be the next 
ultimate rule: 
=ka 1, if )(*0 λIrk ∉ ; =ka 0, if )( *0 λIrk ∈ . 
«І»-unification 
Lumped processor makes decision about the 
presence of goal objective when all peripheral 
receivers display the decision «goal object is 
present». 
Then 

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We have 
1 0 0
1
1 0 0
0 1 0
[ ( | ) ( | )] (1 )
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[ (1| ) (1| )] (1 ). (8)
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Let’s assume that every processor makes the 
decision 1ka =  provided that 1kr I∈ , where 1I - is 
measurable subset signal change region R . Then 
1 1 1
0 1
0 1 0 1
(1 | ) (1 | )
( ) ( ) ( ) . (9)
n n nI I I
p H p H
x d x x d x d x
λ − =
λ ρ − ρ = λρ − ρ∫ ∫ ∫  
In order to minimize (8) when 0>λ  is fixed, it 
is necessary to minimize (9). We will consider only 
such regions of 1I , for all 
nIx 1∈  will be fulfilled 
0)()( 10 ≤− xx ρλρ                                  (10) 
Then the biggest region will be optimal 
1* 1*( )I I= λ  such, that 
{ }1* 0 1: ( ) ( ) 0nI x x x⊂ λρ − ρ ≤ . 
Let’s assume that 1*( )I λ  -is such kind of region. 
Then 
.)()/1()/1(
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In order to follow the conditions 00 α=fP , we 
find λ  from the equation  
.)( 0
)(
0
*1
αρ
λ
=∫
nI
xdx  
Then in the class of ultimate rules (10) for 
peripheral receivers optimal rule will be in such 
form: 
=ka 1, if )(*1 λIrk ∈ ; =ka 0, if )( *1 λIrk ∉ . 
Conclusions  
Lumped processor can be examined as a device 
which forms the self-weighted sum of the up-
diffused decisions and compares it to the threshold 
value. 
Optimum strategy of unification depends on error 
probability, on the thresholds of exposure and on the 
correlations signal/noise of peripheral receivers. 
The optimum threshold of exposure for 
verification on the relation of probability of any 
peripheral receiver depends on characteristics of all 
other peripheral receivers, on a value and 
substantially on the choice of strategy of unification 
of the lumped processor. 
The increase of safety and efficiency of work of 
air traffic control system needs the realization of 
wide spectrum of measures and introduction the 
complex of organizationally technical measures. A 
method which allows to solve an optimum direction-
finding problem about a presence or absence of goal 
object is offered.  
The purpose of which is that, in order to operate 
more protected and safe flight, to decrease delays, 
accumulations, ecological influence and negative 
role of factor of crew, and also non-admission the 
acts of illegal interference in the activity of civil 
aviation. 
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